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BENZENE SULFONIC ACID CATALYZED 
AROMATIC MANNICH PRODUCTS FROM 

ALKYL PHENOLS 

Aromatic, high molecular weight Mannich additives 
suitable for lubricants used in four-cycle gasoline or 
diesel engines are commonly made by the Mannich 
condensation reaction of an amine, generally a poly 
amine, a formaldehyde-yielding reagent, and aromatic 
compound, such as, a high molecular weight alkyl phe 
nol. Mannich additives produced from high molecular 
weight alkyl phenols are discussed in U.S. Pat. Nos. 
3,539,633; 3,697,574; 3,704,308; 3,736,357; and 3,751,365 
which are expressly incorporated herein by reference. 
These Mannich products provide dispersancy to lubri 
cating oils which prevents the formation of harmful 
deposits derived from oxidized fuel, lubricant, ingested 
dirt, wear products, etc. 

In contrast to aromatic Mannich products made from 
alkyl phenols, aliphatic Mannich products are com 
monly prepared from oxidized polymers. These poly 
mers can be oxidized in a variety of ways. West, et al., 
U.S. Pat. No. 4,011,380, discloses the preparation of 
oxidized polymers for the aliphatic Mannich reaction. 
The polymers of ethylene and other ole?nic monomers 
are oxidized in oil solution in the presence of about 0.05 
to about 1.0 wt.%, based on the copolymer oil solution, 
of an oil-soluble benzene sulfonic acid or salt thereof. 
These oxidized ole?nic polymers are used to produce 
aliphatic high molecular weight Mannich additives 
produced by the reaction of the oxidized ole?nic high 
molecular vweight polymer, a formaldehyde-yielding 
reagent, and a primary, secondary, or polyamine. The 
benzene sulfonic acid taught in West enhances the rate 
of oxidation and often results in a more lightly colored 
polymer composition. 

West, U.S. Pat. No. 4,131,533, discloses alkylbenzene 
sulfonic acid modi?ed aliphatic Mannich reaction prod 
ucts from oxidized polymers. This patent discloses 
forming a haze-free Mannich product from an oxidized 
polymer, formaldehyde, and an amine in the presence of 
0.01 to 40.0 wt.%, based on the oil, of an oil-soluble 
sulfonic acid. The sulfonic acid reduces the formation of 
hazy products. 

Aliphatic Mannich products made from oxidized 
polymers having bifunctional properties. The poly 
meric backbone provides viscosity index improvement. 
Polymers in lubricating oil are kown to provide to the 
lubricating oil the ability to maintain a higher viscosity 
than untreated oils at high temperature. The increased 
viscosity improves the high temperature lubricating 
property of the oil. In the production of the aliphatic 
Mannich, the Mannich reaction occurs at carbon atoms 
alpha to carbonyls produced in the oxidation of the 
polymer. Each polymer molecule can contain 5-50 
carbonyl groups, commonly about 20-30 carbonyl 
groups, and associated reaction sites. The reaction sites 
are randomly distributed along the polymer chain. The 
molecular weights of polymers used to produce the 
aliphatic Mannich range from about 20,000 to 200,000. 
Since during oxidation the polymer is degraded, the 
molecular weight of the polymer can be as low as 5,000. 
However, the molecular weight generally is in the 
range of 7,O00—55,000. ‘ 
The aromatic Mannich products, made from alkyl 

phenols with a molecular .weight‘ about 1,000-3,000, 
provide little viscosity index'improvement. The Man 
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2 
nich reaction occurs at a carbon atom ortho to the phe 
nolic hydroxyl. Each alkyl phenol contains two reac 
tive positions. The molecular weight of the Mannich 
products are commonly from l,000~2,400. While aro 
matic Mannich products are high quality dispersants at 
relatively low concentration, a need continually exists 
to improve the properties of the Mannich additive. 
The general object of the invention is to improve the 

lubricant properties of the Mannich additive. Another 
object of the invention is to improve processes for the 
production of aromatic Mannich products. Further 
objects appear hereinafter. 
We have discovered that an oil-soluble sulfonic acid 

improves aromatic Mannich product’s lubricant proper 
ties. The sulfonic acid apparently acts as an acidic cata 
lyst for the reaction of the high molecular weight alkyl 
phenol, the formaldehyde-yielding compound, and the 
amine. By catalyzing the reaction, the sulfonic acid 
promotes a greater utilizationv of reactants, increased 
molecular weight, increased nitrogen concentration, 
increased dispersancy, and reduces the amounts of unre 
acted or partly reacted compounds in the product. 

Briefly, the Mannich additives of this invention are 
prepared by the reaction of an alkyl phenol, an amine, 
and formaldehyde in the presence of an oil-soluble ben 
zene sulfonic acid at an elevated temperature. 

Certain oil-soluble benzene sulfonic acids useful in 
this invention for preparing aromatic Mannich additives 
can have the following general formula: 

H503 

(R)n 

wherein R is hydrogen, an alkyl, aryl, or other hydro~ 
carbyl groups with hydroxy, chloro~, or bromo-sub 
stituents; and n is an integer of 1 to 5. 
R can be any substantially hydrocarbyl or substituted 

hydrocarbyl group which results in an oil-soluble ben 
zene sulfonic acid. R can be a hydrogen or a substan 
tially aliphatic group with about 1 to 15 carbon atoms, 
such as methyl, ethyl, propyl, isopropyl, butyl, t-butyl, 
nonyl, decyl, dodecyl, pentadecyl and the like, with a 
molecular weight of about 120 and greater; an interme 
diate molecular weight alkyl group such as polyisobu 
tylene or polypropylene polymers with 15 to 1,000 
carbon atoms with a molecular weight of about 200 to 
14,000; a high molecular weight hydrocarbyl such as a 
polyole?n having a number average molecular weight 
in excess of 14,000; and others. R can be substituted 
with groups such as chlorine, bromine, or hydroxy 
groups. Also, the benzene ring of the sulfonic acid may 
have more than one substituent, for example, alkyl, 
hydroxyalkyl, or haloalkyl. 
Other suitable oil~soluble benzene sulfonic acids are 

the oil~soluble, so-called petroleum sulfonic acids which 
are also commonly referred to as mahogany acids, hav 
ing a molecular weight from about 350 to 750, aryl 
sulfonic acids, and alkaryl sulfonic acids. Examples of 
other suitable sulfonic acids are diparaf?n wax-sub 
stituted phenol sulfonic acid, cetylchloro benzene sul 
fonic acid, cetylphenol disul?de sulfonic acid, cetyl 
phenol monosul?de sulfonic acid, etc. Other suitable 
oil-soluble sulfonic acids are well described in the art 
such as U.S. Pat. Nos. 2,616,604; 2,626,207; 2,767,209; 
and others. A most important consideration in selecting 
either an R group or an alkylbenzene sulfonic acid is 
that the ?nal sulfonic acid compound must be oil solu 
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ble. Low molecular weight oil-soluble sulfonic acids are 
preferred for the reason that the low molecular weight 
sulfonic acids are highly oil soluble while excessive 
amounts of hydrocarbon are not wasted in large substit 
uent groups. The inexpensive, highly active low molec 
ular weight polypropylbenzene sulfonic acids having a 
molecular weight about 200 to 1,200 are preferred. 
Commonly available formaldehyde-yielding reagents 

can be used in the Mannich additive process. Examples 
of formaldehyde-yielding reagents are formalin, para 
formaldehyde, trioxane, trioxymethylene, other linear 
formaldehyde oligomers, gaseous formaldehyde, etc. 
The amine reactant useful in the preparation of the 

Mannich products are primary and secondary aliphatic 
amines and polyamines having the formula 
NH2(CH2)yNH2, wherein y is an integer of 3 to about 
12; polyalkylene polyamines of the general formula 
NH2[(CH2)zNH]xH wherein Z is a number from 2 to 6 
and x is an integer from 1 to about 10. Illustrative of 
suitable amines are methylamine, dibutylamine, cyclo 
hexylamine, propylamine, decylamine, ethylene di 
amine, trimethylene diamine, tetramethylene diamine, 
hexamethylene diamine, diethylene triamine, triethyl 
ene tetraamine, tetraethylene pentamine, tripropylene 
tetraamine, tetrapropylene pentamine, and other polyal 
kylene polyamines in which the alkylene group contains 
about 12 carbon atoms. Other useful polyamines are 
bis(amino-propyl)-piperazine, bis(amino-propyl)-ethy 
lene diamine, and bis(amino-propyl)-propylene diamine. 
The alkyl phenols useful in this invention for prepar 

ing Mannich products are commonly paramonoalkyl 
substituted phenols which are made by the reaction of 
about 1 to 20 moles of phenol with 1 mole of a polyole 
?n in the presence of an alkylating catalyst. The most 
common alkylating catalysts are BF3 (including ether 
ate, phenolate, or other complexes, and HF if present), 
acidic activated clays, or strong ionic exchange resins. 
The process is particulaly effective when conducted by 
reacting 3 to 7, or preferably 5, moles of phenol to about 
1 mole of polyole?n in the presence of the catalyst. The 
product is conveniently separated from the catalyst by 
?ltration or decantation. Unreacted phenol is removed 
by distillation leaving as a residue the product which 
commonly comprises a paramono-substituted alkyl phe 
nol containing some unreacted polyole?n. Examples of 
useful polyole?n alkylating agents are polyethylene, 
poly-l-butene, polyisobutylene, polypropylene, etc., 
having a molecular weight from about 600 to about 
3,200 and greater. These ole?nic polymers are well 
known and can be produced by well-known polymeri 
zation of ole?ns and monomers such as ethene, propene, 
butene, isobutylene, amylene, etc. 

In somewhat greater detail, the Mannich reaction is 
carried out by the reaction of an amine, a formaldehyde 
yielding reagent, and an alkyl phenol in the presence of 
an effective amount of an oil-soluble benzene sulfonic 
acid comprising about 0.001 to 2.0 moles of an oil-solu 
ble sulfonic acid per mole of amine. Preferably about 
0.01 to 1.0 mole of an oil-soluble sulfonic acid per mole 
of amine is used to produce a highly active Mannich 
with low consumption of sulfonic acid. Apparently, the 
functional group of the oil-soluble sulfonic acid respon 
sible for the improvement in the properties of the Man 
nich product is the sulfonic acid group which provides 
acidic catalysis to the Mannich reagent. The high mo 
lecular weight products of this invention are preferably 
prepared by reacting an alkyl phenol with 0.1 to about 
10 moles of formaldehyde-yielding reagent, and 0.1- to 
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4 
about 10 moles of amine per mole of phenol. The con 
densation reaction is performed at a temperature from 
about ambient (25° C.)_to about 160° C. by adding the 
formaldehyde-yielding reagent to a mixture of the phe 
nol, the polyamine, and the sulfonic acid in an organic 
inert solvent such as benzene, xylene, toluene, or a sol 
vent-re?ned mineral oil if needed to reduce viscosity. 
The reaction temperature can be raised to about 155° C. 
and held at that temperature until the reaction is com 
plete, about 3 hours. Preferably, at the end of the reac 
tion, the mixture’ is stripped with an inert gas, such as 
nitrogen, carbon dioxide, etc., until water produced by 
the condensation’ reaction and other volatiles have been 
removed. ' 

As can be seen above, a wide variety of such oil-solu 
ble sulfonic acids operates to improve the lubricating 
properties of the Mannich product. The sulfonic acid 
can be added to the reaction in any convenient manner. 
The sulfonic acid can be directly added to the'reaction 
neat or in an inert diluent such as a lubricating oil, hex 
ane, benzene, toluene, gasoline, etc. While generally the 
order of reaction is not of vital importance, the sulfonic 
acid is commonly added at the same time as or, after the 
polyamine. When the sulfonic acid is added to the phe 
nol in the reaction mixture with, or after the amine, the 
sulfonic acid neutralizes the amine and is thus stabilized 
preventing decomposition of the acid. Often the formal 
dehyde is added last'to further reduce the tendency of 
the formation of insoluble resinous polyamine and form 
aldehyde condensation byproducts. ‘ ‘ 
The Mannich reaction is believed to occur between 

the active or acidic hydrogens on the 2 and 6 positions 
of the alkyl phenol and the formaldehyde-yielding rea 
gent and a hydrogen bonded to the nitrogen atom of the 
amine. Since a variety of nitrogen atoms on the amine 
and positions on the phenol can be involved in the Man 
nich reaction and many varied cross-linked and ami 
nated compounds can be formed, a very large variety of 
different Mannich products can occur. The precise 
chemical composition of the reaction product of the 
phenol, the amine, and formaldehyde-yielding reagent 
in the presence of the sulfonic acid cannot be character 
ized with precise of chemical formulas. The reaction 
can produce a variety of linked and cross-linked amine 
to-phenol reaction products. In view of the complex 
nature of the reaction product, the precise composition 
reaction sites ‘and structure of such product cannot be 
de?ned by conventional chemical structure but must 
rather be de?ned purely through method of preparation 
and product'properties. Chemical reactants which are 
added at different steps in the production beginning 
with the addition of the phenol and ending with the 
addition of the-formaldehyde can often produce the 
unique effects in the chemical and physical properties of 
the Mannich product. In much the same way, it is im 
possible to predict with any certainty the chemical 
properties of the product. 
The above-described reaction products of the present 

invention are effective dispersants in lubricant composi 
tions when used in amounts of from about 0.1 to about 
lO(wt.)% based on the oil. Suitable lubricating base oils 
are mineral oils, petroleum oils, synthetic lubricating 
oils such as those obtained by the polymerization of 
hydrocarbons and other well-known synthetic lubricat 
ing oils, and lubricating oils of animal or vegetable 
origin. Concentrates of Pafs'uitable base oil containing 
more than l0(wt.)%';tby" weight‘ at the oil, along or in 

' combination with other-PW'ell-‘ki‘iowri additives can be 
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used for blending with the lubricant oil in a proportion 
designed for particular conditions or used to‘ give ?n 
ished products containing from about 0.1 to 10 wt.% of 
the additives of this invention. 

- The Mannich additives of this invention can be evalu 
ated for dispersancy, varnish prevention, and corrosion 
prevention by the Spot Dispersancy test, the Hot Tube 
test, and the Amihot test. 

In the Spot Dispersancy test, the ability of the addi 
tive in a lubricating oil to suspend and disperse engine 
sludge is ‘tested. To perform the test, an amount of en 
gine sludge produced in the VC engine test is added to 
a small amount of lubricant containing the Mannich 
additive. The sludge and additive are incubated in an 
oven at 100° F. for 24 hours. After this period the mix 
ture is spotted on a clean blotter paper. The oil diffuses 
through the blotter paper carrying the sludge to some 
extent. The dispersancy of the additive is measured by 
comparing the oil diffusion ring to the sludge diffusion 
ring. The diameter of the sludge ring is divided by the 
diameter of the oil ring, the result is multiplied by 100 
and is presented as a percent dispersancy. > ' 

In the Hot Tube test, the high-temperature, varnish 
inhibiting properties of the additive are determined. A 
measured portion of the lubricating oil containing the 
Mannich additive is slowly metered into a 2 millimeter 
glass tube heated in an aluminum block. Through the 
tube is passed either nitrogen oxides or air at 201.7“ C. 
(3950‘’ F.) or 257.2" C. (495° F .). During the test, the oil 
is consumed, and the ability of the additive to prevent 
the formation of varnish deposits is measured by the 
ability of the additive to prevent the formation of col 
ored deposits on the interior surface of the tube. The 
tube is rated from 10 to 1 wherein 10 is perfectly clean 
and colorless and l is opaque and black. 

In the Amihot test, bearing material containing cop 
per and lead is placed in a tube containing a portion of 
lubricating oil containing the Mannich product. To the 
oil is added a small amount of corrosive material such as 
hydrochloric acid. The lubricant and bearing material 
are heated in the tube to a temperature of about 162.8° 
C. (325° F.), and air is passed through the tube. The 
bearing is weighed prior to immersion in the oil, and at 
the end of the test, the bearing is cleaned in solvent and 
reweighed. The ability of the additive to prevent corro 
sion of the bearing is re?ected in the loss of weight of 
the bearing. The smaller the weight loss, the better the 
additive in preventing acid corrosion. 
The benzene sulfonic acid improves the dispersancy, 

the ability to prevent varnish deposits and the ability to 
prevent corrosion of engines of the Mannich products. 
These results are achieved as a consequence of the ho 
mogeneous acid catalysis provided by the sulfonic acid 
which produces a more highly polymerized product, 
having increased molecular weight and increased nitro 
gen content. 
The following examples are illustrative of methods 

for the preparation of the sulfonic acid modified Man 
nich product. The Examples should not be used to limit 
the scope of the invention. 

EXAMPLE I 

Into a one-liter, three-neck ?ask equipped with a 
re?ux condenser, thermostat, Dean-Starke trap, ther 
mometer, and nitrogen purge tube, was charged 230 
grams (0.069 mole) of a 60% active polybutyl phenol 
molecular weight about 2000 in SW oil, 5.6 grams (0.019 
mole) of oleic acid, 5.3 grams (0.01 mole) of alkylben 
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6 
zene sulfonic acid, and 10.6grams (0.05 mole) of TEPA. 
The mixture was stirred and heated to a temperature of 
about 62° C. (144° F.). To the mixture was added 8.4 
milliliters (0.025 mole) of formaldehyde. The tempera 
ture was raised to 320° F. and held‘ for two hours. Eight 
grams (0.025 mole of formaldehyde) of paraformalde 
hyde was added at 320° F. for a period of 24 minutes. 
After the addition of the paraformaldehyde, the temper 
ature was maintained between 310c F. and 320° F. for an 
additional 2 hours. At the end of this period, the mixture 
was stripped of water and other volatile materials by a 
heated nitrogen stream at one cubic foot per hour. The 
mixture was cooled and was ready for use. The product 
was crystal clear. 

EXAMPLE II 

Example I was repeated except 10.6 grams (0.037 
mole) of oleic acid was added to the reaction mixture in 
place of the 5.3 grams (0.019 mole) of oleic acid and the 
5.3 (0.010 mole) grams of the alkylbenzene sulfonic 
acid. 

TABLE I 
BENCH TEST OF SULFONIC 
ACID MODIFIED MIANNICH 

PRODUCT OF PRODUCT OF 
EXAMPLE I EXAMPLE [I 

Spot Dispersancy 
(100 = perfect} 
Neatl 
Ash2 
Hot Tube (10 = perfect) 
Amihot, mg BWL 
(0.0 = perfect) 

l5% product24% product + 6% overbased Ca sulfonate + 1% Zn dialkyl dithio 
phosphate 

85 
59 

Table I shows that the sulfonic acid modi?ed product 
of Example I has increased dispersancy, increased var 
nish prevention activity and slightly increased corro 
sion protection, when compared to the unmodi?ed 
Mannich product. 

Sulfonic acid modi?cation not only improves the 
lubricating properties of the additive and the initial 
product clarity but also stabilizes product clarity during 
storage. Thus, product which would be expected to 
develop haze when stored at 160° F. for several weeks, 
was still bright and clear after ?ve months storage with 
0.4% alkylbenzene sulfonic acid. The sulfonic acid need 
not be added during manufacture to achieve stabiliza 
tion. Benzene sulfonic acid added to manufactured 
product improved storage stability as shown below. 
One of the commercial samples, dated 2/20, even clari 
?ed on initial blending with the sulfonic acid spike. 

TABLE II 
Commercial 

Mannich Product Clarity (5 months, 160° F.)1 
Daily Composite Untreated Treated (0.4%) 

2/20 5 7 
(10 = max) 

5/8 7 — 7 

5/12 5 5 
7/23 6 7 
7/27 5 5+ 

17 = crystal clear, 5 = minimum clarity 

Table II shows the ability of the sulfonic acid to 
prevent haze formation when added to the reaction 
product of the alkyl phenol, formaldehyde reagent, and 
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the amine after the reaction producing the Mannich 
product. 

TABLE III 
COMPARISON OF MOLECULAR 

WEIGHT OF PRODUCTS 

PRODUCT PRODUCT 
EXAMPLE II EXAMPLE I 

?n 1044 1119 
Calc’d Activity __ 47.9% 47.4% 

Calc’d Act. Ing. M11 2528 3785 
lheoretical Monomer 2679 2626 
Mn (Act. Ing.) 
Polymerization Extent 0.94 1.44 

Table III provides some basis to explain why the 
sulfonic acid appears to improve the lubricating proper 
ties of the Mannich. If the sulfonic acid operates as a 
homogeneous acidic catalyst to promote the Mannich 
reaction, one indication that the reaction is catalyzed is 
the increased molecular weight of the products. Table 
III shows that the extent of polymerization of the sul 
fonic acid modi?ed product of Example I is greater than 
that of the unmodi?ed product of Example II. 
The foregoing speci?cation is illustrative of the in 

vention. Since many embodiments of the invention can 
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8. 
be made the invention resides in the claims hereinafter 
appended. 

I claim:‘ 
1. A process for producing an improved aromatic 

Mannich product having enhanced lubricating proper 
ties which comprises reacting an alkyl phenol wherein 
the alkyl group is derived from a polyole?n having a 
molecular weight about 600-3200, a formaldehyde 
yielding reagent, an aliphatic amine of the general for 
mula NH2[(CH2)zNH]xH wherein z is an integer from 
about 2 to about 6 and x is an integer from about 1 to 
about 10 and about 0.001 to 2.0 moles of an oil-soluble 
benzene sulfonic acid per mole of amine. 

2. The process of claim 1 wherein the oil-soluble 
sulfonic acid is an alkyl benzene sulfonic acid. 

3. The process of claim 2 wherein the molecular 
weight of the alkyl-benzene sulfonic acid is about 200 to 
14,000. 

4. The process of claim 3 wherein the oil-soluble 
sulfonic acid is a polypropylbenzene sulfonic acid of a 
number average molecular weight about 200 to 1,200. 

5. The process of claim lrwherein about 0.01 to 1.0 
mole of benzene sulfonic acid is present per mole of 
amine in the reaction. 

6. A lubricant oil containing about 0.1 to 10 (wt)% 
based on the oil of the product of the process of claim 1. 

* * * * * 
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